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KEYBOARD IMPROVEMENTS 

TECHNICAL FIELD 

This invention relates to keyboards and keypads in general, and more 
specifically to keyboards and keypads with raised and recessed key regions. 

5 BACKGROUND 

As portable electronic devices become more miniaturized, the ergonomic 
quality and size of their input devices (such as keypads) become a key consideration 
in their design. International standards have been established, for example, for the 
minimum dimension between adjacent key switches to accommodate typical human 
10 fingertips. By "key" I mean an element, of an array of elements over a surface, which 
when struck produces an identifying output corresponding to the location of the 
element. The term "key region" includes, for example, a localized region of a keypad 
formed by placing a membrane or assemblage of keys over an array of contact 
switches. A "keypad" is an array of keys or key regions and includes, among other 
15 things, a conventional keypad (such as is found on most telephones, calculators and 
such), and a keyboard. 

Some keypads have keys or key regions that are locally raised or elevated with 
respect to adjacent keys or key regions, with respect to a nominal plane or surface of 
the keypad. These keys or key regions I call "hill keys," while the key regions that are 
20 locally recessed with respect to adjacent hill keys I call "valley keys." Valley key 

regions may be concave or convex, but in either case their upper, exposed surfaces are 
notably lower than the upper, exposed surfaces of the adjacent hill keys. In some 
cases, valley keys are algorithmically associated with adjacent hill keys within the 
device. By "algorithmically associated" I mean that the response to triggering or 
25 pressing on a valley key region is at times intentionally affected by the state of one or 
more adjacent hill keys. In some cases, this means that the valley key regions have 
labels corresponding to outputs that are algorithmically associated with the 
simultaneous or near-simultaneous actuation of the adjacent manipulation of a set of 
two or more independent key regions 
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For example, some of my earlier work was directed to IACK (Independent- 
And-Combination-Key) keypads, in which output keystrokes are determined both 
from individual switch activation and from the combined activation of adjacent 
switches. In that context, the hill keys are sometimes referred to as "independent 
5 keys" or "independent key regions," whereas the valley keys are called "combination 
keys" or "combination key regions." In several of my early IACK embodiments, the 
valley keys were functionally associated with adjacent hill keys in that triggering an 
output associated with each valley key required the manipulation of a combination of 
adjacent hill keys, as the valley key region itself had no underlying switch. Further 

10 background information on this arrangement can be found in my pending US patent 
application serial number 09/862,948, filedMay 22, 2001, the entire contents of 
which are incorporated herein by reference, as if fully set forth. 

By "algorithmically associated," as used herein, I mean to also include other 
associations, such as arrangements in which both valley and hill keys have associated 

15 switches, with valley key output generated by either activation of the valley key 

switch or a combination of adjacent hill key switches, and arrangements in which the 
activation of both a valley key switch and an adjacent hill key switch results in only 
an output associated with the valley key switch (overriding the hill key input, in a 
sense, if the hill key is determined to be adjacent the valley key). Further background 

20 information on this latter arrangement can be found in my pending US patent 

application serial numbers 60/444,227, filed February 3, 2003, the entire contents of 
which are also incorporated herein by reference, as if fully set forth 

The QWERTY key layout is a recognized standard utilizing ten letters across 
its width. This standard serves to define the width of many products. Minimizing the 

25 width of these ten keys (while maintaining a useful device) is a critical aspect to the 
miniaturization of hand-held products. An earlier attempt to compress the width of an 
IACK keypad included rotating the keypad by 45 degrees. The result was to increase 
the number of keys that fit in a row by a factor of 1.4. While this did increase key 
width density, it resulted in alternation of hill and valley keys (i.e., "Q" on a hill, "W" 

30 in a valley, "E" on a hill, etc). It also created a strong differentiation between the 
ease-of-use of characters that were ostensibly equal in importance. 
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Further improvements in the ease of use of IACK-type keypads and other 
keypads with hill and valley keys are desired. 

SUMMARY 

Several aspects of the invention generally feature a keypad defining both 
exposed valley keys and exposed hill keys elevated above the valley keys. 

According to one aspect of the invention, the hill keys have a nominal 
effective key width substantially equal to a nominal effective key width of the valley 
keys. "Effective key width" is the distance available to strike a key without 
accidentally hitting an adjacent key. To measure the effective key width of a given 
key, measure from the closest edge of a nearest key to its right (or above) not 
associated with the given key, to the closest edge of a nearest unassociated key to its 
left (or below). By "nominal" I mean that with respect to the keypad as a whole, the 
measurement is typical of that type of key. 

In many configurations, at least many of the hill keys are each associated with 
a corresponding hill key, such that adjacent pairs of the hill keys and connecting 
regions form elongated dual keys. 

According to another aspect of the invention, at least many of the hill keys are 
each functionally associated with a corresponding hill key, with adjacent pairs of the 
hill keys and connecting regions of the keypad forming elongated dual keys. By 
"functionally associated" I mean that both hill keys in each pair function, either 
individually or together, to provide a common signal to a processor, such as by 
activating a single switch. 

Various embodiments of either aspect of the invention feature various 
combinations of the following characterizations. 

In some embodiments, the connecting region is in the form of a locally 
elevated bridge, such as a bridge that narrows to form a waist between the adjacent 
hill keys. The bridge preferably slopes downward toward its midpoint to form a 
saddle between the adjacent hill keys. 

Preferably, at least many of the dual keys have left sides and right sides with 
different identifying labels. 
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In some constructions, the dual keys overlay electrical traces of a circuit board 
and are associated with conductive actuators normally spaced apart from the electrical 
traces and brought into electrical contact with the traces when their associated hill 
keys are depressed. Preferably, each dual key is associated with only one, elongated 
actuator, which in some cases has a lower surface curved along its length. 

In some arrangements, each dual key is associated with only one, elongated 
tactile feedback element. 

In some cases, at least many dual keys are each associated with a pair of 
actuators, each of the pair of actuators underlying one of the pair of hill keys of the 
dual key. For example, both of the actuators of the pair of actuators may be arranged 
to engage a single electrical trace of the circuit board. Alternatively, each of the 
actuators of the pair of actuators may be arranged to engage a different electrical trace 
of the circuit board. 

In some cases, at least many dual keys are each associated with a pair of tactile 
feedback elements, each of the pair of feedback elements underlying one of the pair of 
hill keys of the dual key. 

The valley keys may be arranged in columns, with alternating columns 
containing dual keys. 

In some embodiments,- each dual key is configured as a rigid key structure 
displaceable as a unit with respect to an underlying circuit board. The rigid key 
structure of each dual key may also span at least one adjacent valley key, with the 
rigid key structures forming at least several of the dual keys also spanning two 
adjacent valley keys, one on either side of the dual key. 

In some cases, the dual keys are disposed in alternating rows separated by 
rows of valley keys. 

In some embodiments, adjacent pairs of valley keys are structurally linked 
such that displacing one of the valley keys of the pair of valley keys toward an 
underlying circuit board displaces the other of the valley keys of the pair of valley 
keys away from the circuit board. For example, each pair of valley keys may include 
a lever (in a functional sense, if not a literal sense) spanning the pair of valley keys 
and pivotable about a pivot point between the spanned valley keys. In some cases, the 
lever contacts the circuit board, or a snap dome on the circuit board, at the pivot point. 
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Preferably, snap domes beneath such pivot points are configured to provide a higher 
feedback force than snap domes associated with hill keys. 

In some embodiments, the keypad also includes pivotable members each 
spanning two hill keys of different dual keys, such that displacing one of the spanned 
hill keys toward an underlying circuit board displaces the other of the spanned hill 
keys away from the circuit board. Preferably, the pivotable member also spans a 
valley key. 

In some embodiments, the valley keys have convex exposed surfaces. 

The valley keys preferably comprise locally elevated regions that are recessed 
with respect to the hill keys. 

Centers of adjacent valley keys are preferably spaced apart by a distance of 
less than about six millimeters, more preferably by a distance of about 5.4 
millimeters. 

In at least one preferred arrangement, many hill keys are each associated with 
at least six valley keys. 

In one particularly useful arrangement, the keypad has a row of key labels 
arranged to read, from left to right, Q-W-E-R-T-Y. 

In some embodiments, the hill keys provide a corresponding output when 
individually pressed, and wherein the valley keys are-labeled to correspond with an 
output that results at least from the simultaneous or near-simultaneous manipulation 
of a predetermined set of two or more hill keys adjacent the valley key. 

In some cases, only the hill keys provide an electrical response when actuated, 
the outputs corresponding to labels of the valley keys being derived only from 
combinations of electrical responses from actuation of adjacent hill keys. 

In some preferred keypads, the valley keys are algorithmically associated with 
adjacent hill keys. For example, key output may be determined both from individual 
switch activation and from combined activation of adjacent switches. 

According to another aspect of the invention, an electronic device includes the 
above-described keypad, with the hill keys each providing a corresponding output 
when individually pressed, and in which the valley keys each provide an output that 
overrides any simultaneous or near-simultaneous manipulation of any one hill key 
adjacent the valley key. 
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Another aspect of the invention broadly features a keypad, not necessarily of 
IACK-type, having an array of keys (or key regions of a flexible surface) displaceable 
toward an underlying circuit board, wherein adjacent pairs of keys or key regions are # 
structurally linked by a structure that contacts the circuit board between the linked 
5 keys or key regions to define a pivot point, such that displacing one of the linked keys 
or key regions toward the circuit board lifts the other linked key or key region of the 
pair away from the circuit board. 

In some embodiments, at least many keys or key regions are operatively 
linked in this manner to two different keys or key regions, such that displacing one of 
10 these double-linked keys or key regions toward the circuit board lifts the two keys or 
key regions to which it is so linked. Preferably, the linked keys or key regions are 
disposed adjacent one another within the array of keys. Lifting keys or key regions 
adjacent a key or key region being depressed can help to avoid cross-talk between 
adjacent keys in keypads with particularly close keys, in the sense of eliminating 
1 5 undesired actuation of adj acent keys. 

Various aspects of the invention can provide improved ease-of-use of keypads, 
particularly with IACK-type devices, such as by providing a more balanced effective 
key width between hill and valley keys. Several features disclosed herein are believed 
to be provide particularly usefulin elongated key-arrays; such as those containing a 
20 standard QWERTY arrangement of keys. 

The details of one or more embodiments of the invention are set forth in the 
accompanying drawings and the description below. Other features, objects, and 
advantages of the invention will be apparent from the description and drawings, and 
from the claims. 

25 DESCRIPTION OF DRAWINGS 

Figure 1 is a plan view of a prior art LACK keypad. 

Figures 2 A and 2B are cross-sectional views of the keypad of Figure 1, shown 
with an actuating finger placed directly above a hill key and a valley key, respectively. 
Figure 3 shows an embodiment of an improved IACK keypad, with a field of 
30 dual keys. 
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Figures 4A and 4B are cross-sectional views of the keypad of Figure 3, shown 
with an actuating finger placed directly above a dual key and a valley key, 
respectively 

Figure 5 shows the keypad of Figure 3, labeled with a QWERTY key 
arrangement. 

Figure 6 is a cross-sectional view taken along line 6-6 in Figure 5, through an 
embodiment with single- wide actuators and dual- wide switches. 

Figure 7 is a cross-sectional view taken along line 7-7 in Figure 5, through an 
embodiment with dual-wide actuators and switches. 

Figure 8 is a cross-sectional view taken along line 8-8 in Figure 5, through an 
embodiment with single-wide actuators and single-wide switches. 

Figures 9 and 10 are cross-sectional views taken along lines 9-9 and 10-10, 
respectively, in Figure 5. 

Figure 1 1 shows a printed circuit board switch arrangement useful with the 
keypad of Figure 5. 

Figure 12 shows the keypad of Figure 3, with some dual keys provided with 
alternate labels and functions. 

Figure 12a is a cross-sectional view taken along line 12a-12a in Figure 12. 

Figures 13-l'5*are~cross-sectional views takenalong lines 13-13,-14-14 and 15- 

15, respectively, in Figure 12. 

Figure 16 shows an array of snap domes useful with the keypad of Figure 5. 

Figure 17 shows another keypad dual key arrangement. 

Figures 18a and 18b are cross-sectional views taken along line 18-18 in Figure 
17, with the key structure at rest and with key 'P' depressed, respectively. 

Figures 19a and 19b are cross-sectional views taken along line 19-19 in Figure 
12, with the key structure at rest and with one valley key depressed, respectively. 

Figures 20a-20c are cross-sectional views taken along diagonal line 20-20 in 
Figure 12, with the key structure at rest, with one valley key depressed, and with one 
hill key depressed, respectively. 

Figures 21a-21c show a pivoting linkage spanning two hill keys on either side 
of a valley key, with a rigid standoff between the keymat and circuit board, below the 
valley key. 
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Like reference symbols in the various drawings indicate like elements. 

DETAILED DESCRIPTION 

Figure 1 shows a prior art IACK keypad, with superimposed circles 10 each 
having a diameter corresponding to the contact zone of a typical adult finger. 
5 Independent key regions 12 are slightly elevated, and thus called "hill" keys. 

Combination key regions 14 are slightly depressed (relative to the hill keys) and 
called "valley keys." The dimension identified by "H" shows effective hill key width 
20, and represents the total distance that may be spanned by a finger striking a central 
hill key 12, without contacting adjacent independent keys. As shown roughly to scale, 

10 the prior art keypad of Figure 1 has a nominal effective hill key width 20 of 

approximately 75 percent of the diameter of a typical finger contact zone. The 
representative layout provides 8MN-2M-2N+1 keys in a keyboard M finger contact 
zones wide and N finger contact zones high. In the keyboard shown (M=4 and N=2), 
there are 53 independently actuatable key regions, thirty-two independent (hill) keys 

15 12 and twenty-one combination (valley) keys 14. The number of combination key 
regions 14 across the width of the device, in one row, is given by 2M-1. Given that 
actuation of any given valley key can be solely a function of the activation of adjacent 
hill keys (as discussed in my pending application, 09/862,948), Jhe effective^ _ 
combination key width 22 spans the distance between elevated key regions on either 

20 side of, and not associated with, the valley key. In the figure, nominal combination 
key width 22 is denoted as "V" and is approximately 125 percent of the diameter of a 
finger contact zone 10. The distance between centers of adjacent combination keys, 
illustrated by the dashed lines representing the underlying contact grid, is 
approximately 50 percent of the width of the adult human finger contact zone. 

25 Figure 2A is a cross-sectional view of the keypad of Figure 1, taken along a 

row of hill keys 12 and showing an adult finger 10 centered on a selected independent 
key 12. The effective hill key width 20 is approximately 75 percent of the width of 
the contact zone of the finger. As a reference, the typical adult human finger is about 
15 to 20 millimeters wide. 

30 Similarly, Figure 2B shows the same cross-sectional view, with finger 10 

centered over a combination key region 14 (i.e., centered between, and out of the 
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plane of, adjacent independent key regions seen in this view). As seen, the effective 
valley key width 22 is significantly more than the width of the finger. In this sense, 
the prior IACK keypad of Figure 1 is "imbalanced," in that the combination keys 
provide an effective key width that is significantly larger than necessary for 
comfortable operation, while the hill keys are somewhat smaller than they would 
ideally be to provide comfortable operation for a finger of a given size. 

Figure 3 shows an IACK keypad with a field of dual keys 16. In this example, 
each dual key 16 includes two adjacent hill keys 12 and a connecting bridge 37. From 
a user's standpoint, certain combination keys 14 are operated by pressing the dual 
keys 16 above and below the combination key, while other combination keys 14 are 
operated by pressing the four adjacent dual keys 16 surrounding the combination key. 
The spacing of the underlying independent key grid has been reduced to 
approximately one-third the width of the adult human finger, as shown by broken 
lines. Likewise, the distance between adjacent combination keys 14 is reduced to 
approximately one-third a finger contact zone width, thereby advantageously 
increasing the number of combination keys 14 across the width of the device from 
2M-1 to 2.5M. The number of keys provided in a keyboard of M by N finger contact 
zones is 7MN +2N-M-1, approximately 10 percent fewer keys than the IACK keypad 
of Figure-1— (In~the keyboardof^ 

independently actuatable keys, twenty dual keys 16 and twenty-seven combination 
keys 14.) Figures 4A and 4B show cross-sectional views of the keypad of Figure 3, 
showing an adult finger 10 centered on a selected independent dual key region 37 and 
centered on a combination key region, respectively. As will be appreciated from these 
views, the effective widths of the valley keys and the dual (hill) keys are 
approximately the same, and are both about equal to the width of the finger. 

Comparing the layouts of Figures 1 and 3, the relatively smaller overall key 
density of Figure 3 can be offset by significant improvements. For example, the 
layout of Figure 3 is "balanced" in that the value of effective key widths H (20) and V 
(22) are both approximately equal to the width of a finger contact zone. In this 
respect, both hill and valley keys are equally easy to use, thereby increasing the 
overall ease-of-use of the device. Furthermore, by reducing the valley key effective 
key width to approximately one finger width, the density of easy-to-use (finger-sized) 
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keys can be increased across the width of the keyboard. This can be particularly 
important when incorporating relatively wide layouts, such as the common QWERTY 
key arrangement, into pocket-sized and smaller products, without sacrificing key 
width. With an on-center distance of about 5.4 millimeters (approximately one-third 
the width of the adult human finger), an entire QWERTY keyboard can fit into a 
keypad of only 60 millimeters (less than 2.5 inches) in width. An on-center distance 
of 5.0 millimeters (nearly 25 percent of the width of an adult human finger) reduces 
the required keyboard width to only 56 millimeters, resulting in an extremely small 
width for a QWERTY keyboard incorporating easily activated keys. 

Figure 5 shows a keypad of the design of Figure 3 and containing a QWERTY 
key arrangement. Each dual key 16 includes a left side 32, a right side 34 and a waist 
38 (a narrowed region, as viewed in plan) located between them. Each dual key 16 
has a high aspect ratio, allowing each to be used two ways: in adjacent pairs along the 
long edge and in adjacent sets of four along the short edge. Therefore, some valley 
key entries are registered in the traditional IACK method of sensing force placed 
simultaneously on hill keys diagonally opposite adjacent hill keys. For example, to 
enter the letter "W" the user presses at the center of the associated combination key, 
pressing at least two diagonally opposite ones of the four adjacent dual keys 16, 
numbered "1", "2", "4" and_"5A_However, other valley key inputs are registered by 
sensing the activation of switches disposed beneath two adjacent hill keys disposed in 
the same column. For example, to enter the letter "Q" the user naturally centers his 
~finger~orrthe associated^valley Key, thereby pressing the dual keys 16 numbered "1" 
and "4." Simultaneously pressing either the left side 32 or right side 34 of the "1" 
dual key, with either the left side 32 or right side 34 of the "4" dual key, is interpreted 
as a "Q" entry. Either combination of "2+4" or "1+5" will be entered as "W". 

The result is a continuous row of highly dense keys, in which each key in the 
row has the same character, unlike the prior art attempt at width reduction discussed 
above, that canted an IACK keypad at 45 degrees and alternated hill and valley keys. 
The dual keys 16 are operated by pressing on either the left side 32, right side 34 or 
waist 38 of the dual key. Because the effective key width of hill keys of this 
embodiment are significantly wider than those of the keypad of Figure 1 (despite the 
reduction of pn-center distance between valley keys) these hill keys are also easier to 
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use. In the IACK keypad of Figure 1 , each hill key 12 is associated with at most four 
adjacent combination keys. In Figure 5, each dual key 16 in the middle dual key rows 
is associated with six adjacent combination keys. The number "5," for example, is 
associated with W, E, R, S, D and F. This structure helps maintain overall key density 

5 while providing a more balanced design and increasing the width density of 
combination keys 14. 

Various underlying switch and feedback element configurations are 
contemplated. For example, in Figure 6 the hill of each dual key 16 includes a left 
side 32, a right side 34 and a slightly relieved saddle region 36 between them. Each 

10 dual key overlays two rubber dome tactile feedback elements 46 and actuators, one 

under its left side 32 and the other under its right side 34. However, each dual key 16 
corresponds with only one switch 28 on the printed circuit board 30 that underlies 
both actuators. There is no difference, therefore, between striking the left side 32 of 
dual switch 16, the right side 34, or both sides simultaneously. The advantages 

15 include reducing the number of lines to the processor. Rather than using four rows and 
11 columns on the PCB 30, as would be required if each actuator engaged a unique 
switch, this embodiment uses four rows and six columns, reducing the number of pins 
required by five, a 50 percent reduction. Figure 11 shows an associated printed circuit 
-— board-30-with-switches -28-arranged-in four electrical-rows 42-and-six electrical 

20 columns 44. 

In the example of Figure 7, the left side 32, right side 34 and saddle 36 of each 
dual key 16 share a common switch actuator 40 and a double-wide rubber dome 
tactile feedback element 48. In the example of Figure 8, the left side 32 and right side 
34 of each dual key each has its own switch actuator 40, its own associated switch 28, 
25 and its own rubber dome tactile feedback element 46. 

Figure 9 shows a cross-section through Figure 5 with snap domes 50 disposed 
beneath the combination keys 14 to provide tactile feedback. 

Referring to Figure 10, saddle 36 is lower than the adjacent portions of dual 
key 16. Waist 38 is narrower than the adjacent portions of dual key 16. Recessing the 
30 bridge 37 to form a saddle 36, and narrowing the bridge to form a waist 38, provides 
additional clearance for a finger centered over an adjacent combination key 14. 
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In the embodiment of Figure 12, the combination keys 14 each have 
associated switch contacts that are given interpretation priority over the switches of 
the dual keys 16 so that in the event of a simultaneous operation, the combination key 
14 will be selected by the system as the user's intent. The valley key regions 14 are 
convex, and therefore 'hill-shaped' themselves. However, their height is lower than 
the left sides 32 and right sides 34 of dual keys 16. To operate the letter "Q," the user 
presses on the label "Q" at the center of the associated valley key. However, if the 
user also presses the dual key 16 labeled "1$" and/or the dual key "4@" the system 
will recognize the combination key 14, M Q," as dominant. Similarly, to operate the 
letter "W" the user presses on the label "W" of the combination key region. However, 
if the user also presses edges of dual keys 16 labeled "$", "2", "@" and/or "5" the 
system will recognize the combination key 14 as dominant, interpreting the input as 
"W". (These principles are explained in my co-pending provisional patent application 
60/444,227.) 

Also note in this embodiment that some dual keys 16 include separate labels 
33, one the left side 32 and one the right side 34. For example, the upper left dual key 
is labeled "1 " on its left side 32 and "$" on its right side 34. One label may be 
indicated as dominant, with the' input associated with the other label requiring the dual 
key to be engaged in combination-with another key sequence, such as with an 
"alternate" or "shift" key, and may be printed with different colors to reflect the 
dominance. 

By viewing this cross-section of Figure 12a, it will be appreciated that the 
keymat topography can help to avoid erroneous input in extremely miniaturized 
keypads, by providing a physical barrier to contact of adjacent keys during operation. 
Each left side 32 and right side 34 serve to isolate adjacent valley keys 14 by lifting 
the flesh at the peripheral edges of the finger. By way of explanation, the figure 
identifies the characters printed on each structure, as indicated in Figure 12. As an 
example, when pressing the e W key, the portions of the finger that might otherwise 
contact the 'Q' are held up (away from the fi Q' valley key 14) by the right side 34 
labeled with (and the right side 34 labeled c @' of Figure 12). The portions of the 
finger that might otherwise contact the C E 5 are held up (away from the E valley key 
14) by the left side 32 labeled with '2' (and the left side 34 labeled c 5 5 of Figure 12). 



- 12- 



WO 2004/023504 PCT/US2003/028307 

It can likewise be appreciated that in the absence of the dual key structure 16, the 
flesh of a finger attempting to strike a valley key 14 could accidentally contact an 
adjacent key. 

As shown in Figure 13, the switch actuators 40 are centered below, and 
5 elongated along the major axis of each dual key 16. It is also helpful to place a slight 
curvature on the bottom surface 53 of each switch actuator 40 as shown. The actuator 
40 at the center of Figure 13 is show divided into three parts, but performs the same 
function. An oblong double snap dome 52 (shown in Fig 16) is located below each 
dual key 16: The cross section of the actuator 40 in the plane of the keyboard may 
10 also follow the contour of the double snap dome 52. 

Referring next to Figures 14 and 15, snap domes 50 are disposed beneath the 
combination key regions 14, the upper surfaces of which are convex, as opposed to 
concave in the embodiment of Figure 5. The upper surfaces of the combination key 
regions 14 remain recessed with respect to the upper surfaces of the independent key 
15 regions 12. However, the convex shape may be preferred in some applications where 
activation of the left side 32 and right side 34 of an adjacent dual key performs 
different functions. 

Figure 16 shows an array of snap domes 50 and double- wide snap domes 52 
-for use-with any of the above key -layouts^n-which each-elongated snap dome 52 is 
20 disposed directly beneath an associated dual key, such that the elongated snap dome 
provides tactile feedback in response to pressure against either end of the dual key. 
This prevents two tactile feedback events from occurring in response to actuation of a 
single dual key. 

There are several problems associated with reducing the size of a keypad, such 
25 as a QWERTY keypad, to the extent that multiple key switches lay beneath the finger 
at one time. One problem is that of accurately and transparently guiding the finger to 
the correct location. In figures 5-13, saddle 36 and the bridge 37 help solve this 
problemin dual keys 16. 

Figure 17 shows a keypad in which the valley keys 14 are each associated with 
30 one dual key 16 (and the associated saddle 36 and the bridge 37), as a rigid structure 
80. The figure demonstrates how the structure can be presented as a field of diamond- 
shaped keys 80, with a dual key 16 disposed across its center, and triangular keys 82, 
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with a dual key 16 disposed along one edge. Each diamond key 80 is molded to form 
both a dual key 16 and two valley keys 14, each disposed on either side of the valley 
key 14 and located proximate to its center, preferably with longer actuators 40 
disposed beneath the dual key 16, as shown in Figure 1 8a and 1 8b. 
5 Another problem associated with extreme miniaturization is that of feedback. 

The goal is to receive a single 'snap 5 in response to a single key actuation. With 
multiple tactile feedback elements disposed beneath the finger, this objective is 
extremely elusive. As shown in Figure 18a, the actuator 40 disposed beneath dual key 
16 is slightly longer, at least the stroke of the snap domes 50, as shown by dimension 

10 'S,' or the domes are different heights. In either case, the objective is to allow the 

diamond key 80 to translate downward such that the snap dome 50 disposed beneath 
the dual key 16 may actuate without actuating the domes 50 below the valley keys 14. 
The snap dome 50 beneath the dual keys may be configured to present a higher 
resistance to deflection. As shown in Figure 18b, the finger rocks diamond key 80, 

15 using the central actuator 40 as a pivot point. The higher force level necessary to 

actuate dome 50 beneath dual key 16 aids this process by preventing actuation of the 
central dome 50 until the key 80 rocks far enough to actuate the dome 50 under valley 
key 14. Accidentally striking a nearby dual key 16 is therefore less likely, although 
software may also account for- inadvertent dual key activation by prioritizing valley 

20 key input over hill key input, as discussed herein. Therefore, if a dual key 16 is 
accidentally struck during actuation of a valley key 14, the dual key is ignored. 
Because dual keys 16 are relatively prominent and easy to strike, such an algorithm in 
combination with the physical structure (and with the structure of Figures 5-12) can 
result in a high degree of input accuracy. 

25 Another problem associated with extreme miniaturization of a QWERTY 

keypad is that of distinguishing simultaneous, inadvertent pressing of adjacent keys, 
such as 'Q' and C W.' One approach is to address the problem in software, specifically 
to assume that adjacent presses within extremely short periods of time (double 
strokes) are accidental and therefore to ignore the second key press. Of course, this 

30 can reduce typing speed by requiring the user to slow down input of adjacent keys, 
such as C A' followed by C S,' or C E' followed by 'R 3 ' common occurrences in English 
text. Another software approach taken with extremely small QWERTY keypads is to 
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have the device do nothing when two adjacent keys are struck at the same time. 
Figures 19a and 19b illustrate another solution. Referring first to Figure 19a, a series 
of overlapping rigid members 84 extend from one valley key 14 to the one adjacent to 
it, with a pivot point 86 located midway between each, such that when one valley key 
14 is pressed, the adjacent key(s) rises, as shown in Figure 19b. Actuators 40 presses 
against snap domes 50. Pivot point 86 presses against a rigid surface, such as of PCB 
30. The ends of adjacent rigid members 84 both underlie a common valley key, the 
central one in this figure. While members 84 are shown as linear elements 
independent from the keys, members 84 may also be integral with the keys 
themselves, such as interlocking integrally molded tiled keys. This approach helps to 
solve the difficulties of extreme keypad miniaturization, first by not adding a layer of 
software that intentionally ignores potentially correct input, and second by intruding 
an analog feedback system that provides scaled tactile feedback to the user, so that her 
"muscle memory" learns how accurately the finger must be place to actuate a key, 
instead of simply working or not working. 

In Figures 20a through 20c, the pivot lever S4 is shown spanning hill keys 12 
of adjacent dual keys, with a valley key 14 disposed above each pivot point 86, which 
rests upon a snap dome 50. The effective stroke length of the actuators 40 disposed 
- beneath hill keys 12-is slightly longer than that of the -actuators beneath the valley 
keys 14, by a dimension C S.' This allows the structure to translate downward to 
actuate a valley key 14 (Figure 20b) without actuating the snap domes of either linked 
hill key 12, and to rotate to actuate hill keys 12 (Figure 20c). While the figure shows 
member 84 as integrally molded tiles with the keys (similar to the diamond keys of 
Figure 17), it may also be a separate element as in Figure 19a. As discussed above 
with respect to Figures 18a and 18b, a higher force snap dome 50 may be used at the 
pivot point 86 (beneath the valley keys 14 in this case). 

Referring next to Figures 21a through 21c, a molded elastomeric sheet 90 
provides the visible elements of the keypad shown. The region of the sheet 90 that 
corresponds with the valley key 14 is held apart from the PCB 30 by a rigid standoff 
92, such as of hard plastic. Elastomeric sheet 90 may be molded with hill key 12 and 
valley key 14 features, with standoffs 92 formed by rigid inserts. In this example the 
valley key 14 is predominately concave or flat, rather that convex. While the rest of 
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the structure is similar with that of Figure 20a, the principle of operation of this 
example is different. In Figure 21b the finger, which contacts the two adjacent hill 
keys 12, but not the central valley key 14, transmits force through the rigid member 
84 to the actuator 86 above the snap dome 50 associated with the valley key 14. 
During deflection, the standoff 92 may be configured to maintain a distance between 
the region of the sheet 90 that corresponds with the valley key 14 and the PCB 30. 
Due to the relatively short stroke involved (on the order of 0.15 - 0.45 mm), the 
deflection forces within sheet 92 are low. In Figure 21c, the finger presses hill key 12 
directly and thereby tilts the pivoting structure 84. Standoff 92 places a greater force 
on sheet 92 because the travel is higher, but also serves to reduce the force placed 
upon the snap dome 50 associated with valley key 14. This is advantageous when the 
valley keys 14 are depressed more frequently and lower force actuation levels are 
desired. 

A number of embodiments of the invention have been described. Neverthe- 
less, it will be understood that various modifications may be made without departing 
from the spirit and scope of the invention. Accordingly, other embodiments are 
within the scope of the following claims. 
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